Abstract
Introduction
As several studies have demonstrated, it is often impossible for clinical studies conducted under "real life" conditions to show a clear connection between sugar intake and the dependent variable of "caries experience" [Burt and Pai, 2001] . Monyihan and Kelly [2014] found clear evidence for the correlation between caries and sug-ar intake in their review of studies of a moderately good quality according to GRADE standards. To answer the WHO questions concerning the benefit of a further reduction of sugar intake, i.e., from < 10% to < 5% [WHO, 2010 [WHO, , 2015 , they found little evidence for this recommendation because of the small database of only 3 studies. Saido et al. [2016] contributed to answering these questions by collecting data on 5,000 children aged 5-6 years, and found a trend to support the recommendation of a sugar intake of < 5%. To gain further information about correlations between caries experience and even small amounts of sugar intake, more data should be gathered.
The fact that a relationship between sugar intake and caries experience or increment cannot always be demonstrated is not least connected to the major confounder of "fluoridation," which has a strong influence on caries occurrence [Hausen et al., 1981; Bernabé et al., 2016 ]. Another problem is to accurately survey eating habits in children and adolescents, especially their sugar intake [Chi et al., 2015] .
In a study assessing the prevalence of early childhood caries and correlating this parameter to various independent variables, significant associations of feeding practices to d 3+4 mft scores were observed [Pieper et al., 2012] . For example, children who nursed freely from the bottle at night beyond their 8th month of life had almost twice as much caries as children who did not. On the other hand, the differences in caries experience for some independent variables were not significant. This holds for the simple question of the frequency of daily intake of sugary foodstuffs as well as for the question of the frequency of between-meal snacks containing sugar.
When interpreting the nonexistent connection between the reported frequency of sugar intake and the observed caries experience, it should be considered that the factors relating to individual behavior were registered using parents' questionnaires. This could result in a distortion of the parents' responses toward what is socially more desirable. This is the reason why a more refined questionnairebased investigation method was developed for a later study with schoolchildren [Pieper et al., 2013] . This study had focused on the Marburg model of intensive dental care for 1st-to 6th-grade children. As early as 1981, a preventive program for elementary students had been established in Marburg, based on the application of the fluoride varnish Duraphat ® . In order to counteract the polarization of caries experience, the basic prevention program in Marburg had been expanded in 1995 to include selective intensive prevention (SIP).
SIP is offered at individual schools in underprivileged districts and comprises the following measures: − enhanced health education − oral hygiene instructions 4 times per year − fluoride varnish applications 4 times per year.
In addition, the Public Health Service has a nutritionist provide intensive nutritional counseling in the relevant 3rd and 4th grade classes (2 lessons of 2 h each).
To investigate the effectiveness of SIP, the subjects in County Marburg-Biedenkopf (the test group) had been compared to a reference group. In the test region, all schools in socially deprived areas taking part in SIP had been included. For the control group, children from a demographically similar region in Germany (County Osnabrück) had been recruited from schools in comparable areas without intensive prevention measures. All pupils willing to participate had been registered by their parents who also gave their informed consent. Mentally or physically disabled adolescents were not included in the study.
Caries experience as the most important dependent variable had been recorded in 4th-and 6th-graders [Pieper et al., 2013] . Besides dietary habits as the most important independent variable of interest, other factors like a knowledge of dental health, dental health behavior, and attitudes toward prevention had been examined psychometrically. In addition, data on the parents had been gathered for both the test and reference groups.
The study was approved by the ethics committee of the medical faculty of the Philipps University, Marburg (file No. 200/06; chairman: Prof. G. Richter).
Overall, the comparison between the test and the control group showed significant differences in caries experience. Children receiving SIP in Marburg had presented lower dmft scores than children without this special program in Osnabrück.
A detailed presentation of the results of the above study can be found in the final report on the project [Pieper and Margraf-Stiksrud, 2010] which is accessible via the following link: http://edok01.tib.uni-hannover. de/edoks/e01fb11/655839291.pdf.
Aim of the Study
The aim of this study was to use the data collected in the study mentioned above to examine the relationship between a newly developed sugar index and caries experience in 4th-and 6th-graders. Additionally, we investigated whether the preventive sealing of fissures makes the influence of the diet less relevant. DOI: 10.1159/000486102
The following hypothesis was tested: caries experience (expressed by ICDAS scores) and the newly developed sugar index are significantly correlated in children and adolescents.
Methods

Study Areas and Population
Our evaluation is based on the data of 1,019 fourth-and 925 sixth-graders from the 2 regions described above, which were pooled for this analysis.
More detailed information on the study areas and population has already been published [Pieper et al. 2013] . Detailed information on the eligibility criteria and methods of selection of participants can be found in the final report on the project [Pieper and Margraf-Stiksrud, 2010] .
Development of the Questionnaire: Psychometric Evaluation
To assess dietary behaviors, several strategies have been discussed, e.g., 24-h recalls of consumed food, food frequency lists, food diaries, and biological markers as an objective consequence of behavior [Evans et al., 2013; Chi et al., 2015; Llena et al., 2015; Saido et al., 2016] . No gold standard has been established yet, since every method has its strengths and weaknesses, depending on the aim of the study and the data collection [Burt and Pai, 2001; Neuhouser et al., 2009] . For use in complex research designs investigating several variables in large samples, self-administered questionnaires concerning eating habits are economical and appropriate when their measurement qualities are verified.
The aim in developing the new diet questionnaire was to obtain information based on actual behavior concerning eating habits relevant to oral health, a procedure also recommended by Neuhouser et al. [2009] . The questionnaire should be applicable for children in the 4th and 6th grades in group-specific adaptation, respectively. They should also appeal to different social and cultural groups, to be able to use them in school with all the children in a class.
The construction process included 3 steps: 1. Analysis of the relevant literature and interviews on eating habits of various ethnic and cultural groups, formulating items.
2. Defining the sections of the questionnaire, deciding about the response options and preliminary examination in any of the above groups to assess and analyze the quality of measurements.
3. Revision based on item analysis.
Step 1: Preparing Item Formulation
The following already available instruments were assessed in detail: − Augsburg Food Frequency List [Winkler and Döring, 1998 ] − Questions about nutrition from the German Oral Health Study [Micheelis and Schroeder, 2006 ] − Checklist for the Nutrition Report and Questionnaire on Food
Frequency [Stegemann and Davis, 2007 ] − KIGGS Study [Mensink et al., 2007] .
Step 2: Structuring of the Questionnaire Structured questions were formulated, e.g., "How often do you eat…" related to specific everyday eating situations, especially between main meals, which proved to be relevant for a higher caries risk. The food items consumed in these situations should contain foods that are harmless and those that are detrimental to dental health (cariogenic). The situations included: (1) breakfast, (2) between-meal snacks, (3) watching television, and (4) eating on the go.
Additionally, 2 of 6 questions were devised to find out what sort of food and beverages were preferred. The frequency of consumption of the provided food items was graduated into 5 options (never, seldom, occasionally, often, and always), which were given point values from 1 to 5. All checked food and beverages that were tooth-friendly were given a score of 0 points during the processing of the data, regardless of how often they were reportedly consumed.
The other foodstuffs were given the point score listed above. For each situation, item scores were counted as a sum of the point values of the indicated foods.
Item and reliability analysis in the pretest with 94 fourth-graders and 82 sixth-graders, showed satisfying overall reliability (Cronbach's α for the 6 eating situations: 0.71 for 4th-graders and 0.69 for 6th-graders). Corrected-item total correlations lay between 0.29 and 0.54 (mean 0.43).
Step 3: Revision and Sugar Index For further analyses, the sum scores of all accepted items were added to yield the so-called sugar index. This index serves as an indicator of the frequency of mono-and disaccharide intake. The higher the value of the sugar index, the more unfavorable the dietary habits are.
The final version of the questionnaire and a description for calculating the sugar index can be found as online supplementary files 1 and 2 (see www.karger.com/doi/10.1159/000486102 for all online suppl. material).
Dental Examination
ICDAS II was used to assess the caries experience of the 2 groups [Pitts, 2004; Jablonski-Momeni et al., 2008; Braga et al., 2009] . Since the radiation protection laws are very restrictive in Germany, no radiographs could be taken. Instead, fiberoptic transillumination (FOTI) was applied to facilitate the diagnosis of approximal lesions. The presence of sealants was recorded, also taking into account whether or not these were complete. The examinations in the schools were conducted by 1 examiner specially trained for this purpose. During a presurvey training period, this dentist was calibrated by an experienced senior examiner (K.P). The interexaminer reliability of the recordings (κ value) amounted to 0.74 and the intraexaminer reliability to 0.86.
The records of the Marburg County Dental Public Health Service were used to investigate which preventive measures had been applied for each individual child during his/her school career. The frequency of oral hygiene instructions, dietary counseling, and topical fluoridation using Duraphat varnish was recorded.
Data Collection and Statistical Analysis
All data were collected in the school setting, with administration of the questionnaires in the classroom and dental examination individually in a separate room. The findings were recorded on a documentation form during the examination, noting the type of school, gender, and date of examination of the child. A special blank was used for recording the group prevention measures. The Association between a New Sugar Index and Caries Experience quality of the electronically recorded data was checked for further editing. More detailed statements on the quality check of the data input can be found in the final report on the project [Pieper and Margraf-Stiksrud, 2010] .
The statistical analysis was performed using IBM ® SPSS v24. The simultaneous influence of the sugar index, further potential risk factors, and protecting factors was evaluated in a stepwise logistic regression.
Mann-Whitney U tests were used to test the differences between groups. Spearman correlation coefficients were calculated to evaluate the association of sugar index and caries experience. The significance level was set at α = 0.05.
Results
Overall, the data on 1,019 fourth-graders and 925 sixth-graders could be taken into account. The analysis focused on the following independent variables: − nutrition expressed by sugar index − the use of fluoridated toothpaste − fluoride supplements (tablet fluoridation) − the use of fluoridated table salt − the application of fluoride varnish in the dental practice − other fluoride preparations topically applied in the dental practice − the application of fluoride varnish in schools − teeth with fissure sealants.
Correlation between Sugar Index and Caries Experience
For a first overview, the distributions of the sugar index for the 4th-and 6th-graders were inspected. Table 1 shows the figures characterizing these distributions, which were symmetric and had similar means.
In the 4th-graders, between 2.2% (situation 3) and 20.1% (situation 1) mentioned further items that they ate. The mean for the 6 situations amounted to 7.3. The corresponding values for the 6th-graders were 2.7 (situation 6) and 12.2 (situation 3), with a mean of 5.8. Table 2 shows the correlation between sugar index and different outcome variables for the 2 age groups.
Fourth-Graders
With regard to primary teeth, significant correlations with values > 0.1 were found for all ICDAS outcome variables, although these values do not represent a very strong correlation. Permanent teeth also showed a significant correlation, but not with regard to all outcome variables. The comparison between 2 extreme groups for a more detailed analysis of the correlations yielded interesting results (Table 3) . Here, the 10% of children with the lowest sugar index (scores < 10th percentile) were compared to the 10% with the highest sugar index (scores > 90th percentile). The mean values for certain ICDAS combinations were twice as high in the group with the highest The maximum possible value is 125. sugar consumption than in the group with the lowest sugar consumption.
Sixth-Graders
With regard to permanent teeth, the only significant correlations with the sugar index were for the ICDAS outcome variables D 3-6 MFT and D 3-6 FS ( Table 2 ). This correlation was weaker than for the primary teeth of the 4th-graders. The results of the comparison between the extreme groups point in the same direction (Table 3) . Table 4 shows the results of the data collection on the application of fluorides: 85.4% of the 4th-graders had been using a fluoridated toothpaste for several years, and the corresponding percentage for the 6th-graders was 83.6%. Table 4 demonstrates the distribution of responses for all potential fluoridation measures.
Application of Fluorides
As the stepwise backward logistic regression analysis shows, 4 independent variables were included in the final model (Table 5): 1. Total number of fluoride varnish applications. 2. Sum of teeth with fissure sealants. 3. Sugar index. 4. Start of toothbrushing after the 12th month of life. The table clearly illustrates that the sugar index is the second most important variable, after the number of sealed teeth, with regard to the presence of caries. Table 6 shows the influence of preventive fissure sealing on the correlation between sugar index and caries experience in the 2 age groups. Regarding fissure sealing, the correlations in both age groups are only significant in the children without sealed teeth. This indicates a moderation of fissure sealing on the association of sugar index and caries experience. 
Discussion
In this study, significant correlations between caries experience in deciduous teeth and sugar intake were found in 4th-graders. This result can be explained by the fact that the occurrence of caries in primary teeth is more strongly affected by the diet provided by the parents and less by confounders such as fluoridation or preventive fissure sealing.
Regarding the permanent teeth of the 6th-graders, significant correlations were found only for the outcome variables D 3-6 MFT and D 3-6 FS. Therefore, our data support the main hypothesis. If the influence of diet on outcome variables relevant to caries in permanent teeth is less visible among adolescents, this could be seen as a sign of the success of efforts to prevent dental diseases by means of specific school programs and the preventive measures applied in private practice.
One should also consider the question of how dentists can use the new sugar index to advise their patients about the control of sugar intake. As stated above, the questionnaire relates to nutritional behavior in everyday situations. In the individual counseling situation, this provides a good basis for explaining to the patient where his current nutritional risks lie. Regarding risk size, the patients could be advised to reduce their sugar index to a value below the median (< 55 for 4th-graders and < 58 for 6th-graders) or a value < 10th quantile (< 41 for 4th-graders and < 44 for 6th-graders) if they want to make a greater contribution to prevention by reducing their sugar intake.
The particular effect of preventive fissure sealing is presumably due to the fact that the caries increment in elementary school students with a low and moderate caries risk mainly occurs in the fissures of the first permanent molars. These teeth can be protected to a large extent by preventive fissure sealing [Ahovuo-Saloranta et al., 2013] .
The comparatively small correlations between sugar intake and caries experience emphasize the importance of other factors relevant for oral health in the studied age groups. However, we could prove the significant influence of the diet, especially in younger children and in children without preventive fissure sealing, in contrast to other studies [Burt and Pai, 2001] . One possible explanation is the use of self-reported dietary behavior of the children themselves and not by asking their parents [Hinnig et al., 2014] .
The results of our study show that, not only was the correlation between the sugar index and caries experience stronger in 4th-graders than in 6th-graders, but more distinctly visible differences in the comparison of the extreme groups were also observed.
We judge this as indicating that protective factors, such as fluoridation and the preventive sealing of fissures, help level out the differences in caries occurrence that is a consequence of sugar intake with increasing age. These results are in agreement with the findings of Bernabé et al. [2016] in an adult population. This primarily applies to risks arising from unfavorable eating habits. In this context, the question arises as to whether this leveling of differences functions equally well in all health care systems.
Even though a questionnaire with nearly 100 items (covering the abovementioned psychological variables) used in our study of the Marburg SIP is a relatively complex psychometric instrument, the diet portion of the questionnaire is short (6 situations) and simple in its application. The children in our study showed a good acceptance of the questionnaire. The reported characteristics of the items and the sugar index meet the quality criteria for reliable measurement and can claim content validity. The data obtained from the questionnaire gave a good depiction of eating habits relevant to dental health, as the correlation with caries experience shows.
According to Chaffee et al. [2015] and Mensink et al. [2007] , useful dietary information has to be directed to the aim of the study context. To assess the quality of food intake in general, other types of information are necessary to investigate correlations between diet and obesity, or, as in the context that was relevant in this study, oral health. Therefore, the confirmation of our hypothesis may also be a consequence of the adequate selection of oral health-related eating situations and food items. Otherwise, the usual discrepancy between reported dietary behavior and the food that is actually consumed in everyday life has to be taken into account. This could also have contributed to the relatively low correlations in our data. However, no test-retest reliability information could be gathered yet, and validation of the criteria with other questionnaires or food diaries must be proved by further studies. This can count as a limitation for the generalizability of our results.
Conclusion
On the basis of our results, it may be hypothesized that there are great differences in the correlation between sugar index and caries experience/increment, depending on the extent to which social security and health care systems pay for preventive measures (e.g., the preventive sealing of molars) and whether effective interventions, such as fluoride varnish applications, are performed in schools.
In Germany, the situation in this regard appears to be comparatively favorable, since all children, from the age of 6 years, have free access both to fissure sealants and topical fluoride applications [Pieper and Schulte, 2004; Schulte et al., 2006] .
